DNA has been considered to be pure when the ratio of absorbance at 260 nm over the absorbance at 280 nm ( A 260 / A 280 ) is 1.8 (8) . This definition of purity, however, is based more upon a functional assessment (e.g., ability to cut the DNA with restriction enzymes) than upon more conventional analytical criteria. In a recent article, Glasel reexamined the significance of the A 260 / A 280 (3) . He noted that the method was originally and more aptly used to detect nucleic acid contamination in protein (10) and that the method was actually poor for estimating DNA purity. The A 260 / A 280 for pure nucleic acid is about 2.0, while a solution with an A 260 / A 280 of 1.8 theoretically contains about 40% nucleic acid and 60% protein (3) .
Assumptions about DNA purity may have important consequences depending upon the endpoint in question. The purity requirements of DNA for molecular biological applications are far less stringent than necessary for more analytical endpoints, such as quantification of DNA adducts. Recently, we demonstrated that protein contamination of DNA preparations must be taken into consideration when attempting to estimate covalent binding of a radioactive compound to DNA because of the potential of certain reactive metabolites to preferentially or exclusively bind to protein (1) . Since protein absorbs approximately 8-10 times more light at 230 nm than at 280 nm, we, like Glasel, concluded that the A 260 / A 280 was a poor indicator of DNA purity. We found that the A 260 / A 230 was a superior indicator of protein contamination. In fact, addition of protein will shift the spectral minimum of DNA from 230 nm to longer wavelengths (1) . Therefore, it is important to obtain the entire UV absorbance spectrum versus determining absorbances at only a few wavelengths.
In this report, we show that quantification of 8-hydroxydeoxyguanosine (8-OHdG, a promutagenic DNA adduct resulting from oxidative damage) by electrochemical detection (ECD) may be affected by the quality of DNA preparations. Furthermore, UV spectra of the DNA samples and the HPLC/UV profiles of hydrolyzed DNA provide a means to assess the functional purity of DNA necessary for this sensitive analysis. Using a relatively standard DNA isolation procedure (proteinase K, RNases, solvent extractions and alcohol precipitations), we observed that levels of 8-OHdG in DNA samples isolated from rat tissues were highly variable. In DNA samples that had very high 8-OHdG content, we noticed that the UV peak corresponding to 5-methyldeoxycytosine (5mdC) was also unusually large ( Figure 1 ). There was a good correlation ( r = 0.98) between the occurrence of the exaggerated 5mdC peak and the large amount of 8-OHdG apparently present in the sample (Figure 2) . Published values for 5mdC in normal rat liver are approximately 1 mol% (6,9). Our data suggested that when the amount of 5mdC in rat DNA quantified by our HPLC method exceeded about 1.4 mol%, the DNA contained sufficient amounts of contaminants to produce an overestimation of the 8-OHdG content. We further observed that most of the samples of DNA containing apparently high levels of 8-OHdG had A 260 / A 280 ratios greater than 1.8, which has historically been considered indicative of "pure" DNA. Nevertheless, the samples did have abnormal UV spectra; the A 260 / A 230 were less than 2.2 and the λ min were more than 231 nm. When DNA was purified from another piece of tissue taken from the original frozen sample, we found that the newly prepared DNA often had acceptable UV spectral values, normal 5mdC content and a reasonable 8-OHdG content. This suggests that the initial DNA sample contained impurities, perhaps protein and other unidentified contaminants, that had not been completely removed. An impurity could have catalyzed the formation of 8-OHdG from dG in the initial samples. Alternatively, an electrochemically active impurity may have co-eluted with 8-OHdG in our HPLC/ECD method, and was recorded as 8-OHdG. Thus, the UV spectrum of DNA can be used to assess the functional purity of the sample, but not by using the conventional A 260 / A 280 .
By making several adjustments, we found that the following purification scheme yields DNA of sufficient purity
are also added to remove glycogen. Sodium dodecyl sulfate (SDS) is added to a final concentration of 1% along with 300 µ g of proteinase K. After 1 h at 37°C, the samples are extracted with 750 µ L of buffer-saturated phenol (Life Technologies, Gaithersburg, MD, USA, or Boehringer Mannheim, Indianapolis, IN, USA). The aqueous phase is transferred to a 1.7-mL microcentrifuge tube containing "Heavy" Phase Lock Gel ™ (5 Prime → 3 Prime, Boulder, CO, USA). The DNA solution is then extracted sequentially with 250 µ L of phenol/chloroform/isoamyl alcohol (IBI/Kodak, New Haven, CT, USA, or Boehringer Mannheim) and with 250 µ L of chloroform/isoamyl alcohol (24:1). Use of Phase Lock Gel significantly reduces the time and effort required to perform these extractions, improves the purity of the DNA by providing a physical barrier between the aqueous and organic phases and reduces the variability in the HPLC/ECD analysis for 8-OHdG. The DNA is precipitated by the addition of sodium acetate and isopropanol and then is rinsed with 70% ethanol. After dissolving the DNA in 1 mM EDTA, the treatment with RNases is repeated. The RNases are removed as described above, the DNA is precipitated with sodium acetate and ethanol, and the DNA is dissolved in 1 mM EDTA. An aliquot of each DNA sample is diluted 1:60 with 20 mM sodium phosphate, 100 mM NaCl, pH 7.5, and then scanned from 220-320 nm. The concentration of the DNA is estimated using the A 260 . The A 260 / A 230 should be 2.20-2.50 and the λ min should be less than 231 nm. Samples that do not meet these criteria may contain contaminants that might impact the HPLC/ECD analysis of 8-OHdG. If the UV spectral data for the DNA indicate potential contamination, then the DNA can be re-purified from another piece of the same tissue. It has been reported that 8-OHdG may be artifactually produced during the isolation of DNA (2). We control for this event by purifying samples of calf thymus DNA in parallel with the tissue samples. We then compare the levels of 8-OHdG in "unpurified" and the "purified" calf thymus DNA to see if the purification itself produced 8-OHdG. In practice, we have observed little change ( ± 10%) in the 8-OHdG content in these calf thymus DNA samples. fying 8-OHdG begins with the hydrolysis of the DNA to deoxyribonucleosides (dNs) by either (i)micrococcal endonuclease/spleen exonuclease, followed by nuclease P 1 (7), or (ii) nuclease P 1 followed by bacterial alkaline phosphatase (4) . The advantage of the first digestion procedure is that the hydrolysate can also be used for the detection of DNA adducts by 32 P-postlabeling. The dNs are separated on a SUPELCOSIL LC-18S column (25 cm × 4.6 mm, 5 µ m particle size) (Supelco, Bellefonte, PA, USA) using 12% methanol, 88% 50 mM potassium phosphate, pH 4.5 (sparged with helium), at a flow rate of 1.5 mL/min (7). We found that the addition of 1 mM EDTA to the mobile phase stabilized baseline disruption caused by the EDTA in the DNA samples. The pumps, autosampler, UV detector and Millenium ® chromatography software were purchased from Waters (Milford, MA, USA). The unmodified dNs are detected by UV absorbance at 258 nm. Dual glassy carbon electrodes (LC4C detector with a Ag/AgCl reference electrode; BAS, West Lafayette, IN, USA) are placed in series between the column outlet and the UV detector. A 0.1 V potential at the proximal electrode stabilizes the baseline by oxidizing some contaminants that may be present. The 8-OHdG is oxidized at the distal (recording) electrode at a potential of 0.6 V. Under these conditions, the limit of detection is approximately 20 fmol of 8-OHdG. Standard curves using authentic dNs are prepared just before the analysis of DNA samples; we quantify the dNs to make sure that the mol% for each dN falls within the generally accepted range for DNA of a particular species. The 8-OHdG standards must be run separately from the unmodified dN standards because commercial dG contains 8-OHdG. To show that our assay detects real changes in 8-OHdG content, we treated male rats with increasing amounts of potassium bromate, a rat renal carcinogen (5). Like Kasai et al., we found a dose-related increase in renal 8-OHdG content, but no change in hepatic 8-OHdG content (Figure 3 ). These data also illustrate the consistency of 8-OHdG measurements obtained from DNA purified by the above method.
If the correct parameters are used, UV spectroscopy of DNA samples is a simple, convenient means to initially estimate DNA concentration and "relative" purity. Analysis of DNA hydrolysates by HPLC will further reveal the presence of RNA contamination (ribonucleosides elute slightly faster than the comparable dNs) or contaminants from other sources (the mol% for each of the five dNs is species-specific and thus can be used to check purity). When analyzing DNA for any type of adduct using very sensitive endpoints (ECD, 32 P-postlabeling or radiolabeled test compound), sample purity is critical for accuracy and therefore should be examined closely. It is important to recognize factors that will produce misleading results, and either eliminate them or estimate their impact.
